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(54) SEMICONDUCTOR CRYSTAL 

(57)Abstract: 

PURPOSE: To obtain a desired doping concn. with good 
reproducibility by subjecting a ZnSe single crystal which is 
produced by a method known as a recrystallization traveling 
heater method (RTHM) together with Zn and n type impurity 
or Se and p type impurity to a heat treatment under specific 
conditions in a reaction vessel. 

CONSTITUTION: ZnSe 1 produced by a CVD method or 
sintering method is worked to a bar shape and is put into a 
reaction tube 2 where an atmosphere 4 of an inert gas, 
gaseous nitrogen or H2Se or n gaseous mixture composed 
thereof under 0.1W-100Torr is maintained and the ZnSe 
polycrystal 1 is heat-treated 5 at 0.05W5mm/ day speed in 
the specific temp, distribution A-B-C-D-E-F by maintaining 
the solid phase and is thereby made into the ZnSe single 
crystal. This single crystal is cut out to a chip or wafer shape 
6 and is put into a reaction vessel 7. The Zn and the n type 

impurity or the n type impurity and the compd. of the Zn are added to the reaction vessel in the 
case of doping the n type impurity and the Se and the p type impurity or the p type impurity 
and the compd. of the Se are added thereto in the case of doping the p type impurity. The 
temp, of 400W900 0 C is maintained (by a heater 8) under 1W100-Torr pressure in the vessel 
and the single crystal is heattreated for >20 hours. 
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@^ Sg BS63- 62368 

@tU IE BS63(1988) 3^16B 

ffl a # IE *BDfiF?fcfflm*Br3TB 8#19^- 

m & ^ n ±E.m*m.mtitm&.mmiTB i#3^ 

tfcfflfeA3y£««Hg* *EJ»*Rm 26 J I UZttfif 4T1 4 #63^ 



w m ® 

2 «# If SS # © ® [a 

CVDffiXtiiSStS^-C^fen^ ZnSe * & ft K 
in XL, SJCf KAti 0.1 Torr ~ ioo Torr © ^ Jg 
tt * * t tt * X tt H2Se #*j£U£n&©fi£-,y:* 

^Ei^tL, m *s~ ioo *c © m& sb a b t urn 

*J BE *s 50*0/001 ~ 200 °C /an T *> -5 # £ gp B C £ % 

£ ffi *: 700 t; ~ 900 ic -c * * £ SB c d t , © 

K *J ffi - 200 1C/C1I1 SOlC/cra "C *> 4 ft £ & 

DE t, •StB~100lC<OfiiagI!EFtir)^ i 
£ SS. &■ # © «f> 0.05 mm/ day ~ 5 on/ day © jSffitria 
ffi t * t> 4 »: 6 ZnSe 1^1,^ ZnSe IS & i U 

n S * 08 ft S: F-^t4*#tt,Znfc, 

K Ail 1 Torr — 100 Torr OBE^J-C, 4 00 t ~ 
900 TCOiBtKfiSt,, 20(^|B]£JlJUtt*afflr* C 
t i L » P S^tttti K - 418S-U, Se t 
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£ * K A *X 1 Torr ~ 100 Torr © S. t} X , 4 00 

■c~ 900 toiaaEKft t. 20 n* pjj & _l & a s 

£ t i b X % * *fi «& ZnSa #«fi(D<t>|^)||; 

c © 56 91 « » jfeiw^ izmm-$ 
/e 8b ;2.7«v tjEu, l *» * , m. s? s # 

3? * © *f ltl<JB(»3JiTi»* t 

b *• U * A: £> , v> i /£ k W » Jfc 5" -f * - f # 

f Olfili, png^jiS^n^v^t t, & # 

* 35 59 tt ,, '^/f^^lSa^o^ittteF-tfv^ 



'* *> 9 Jji & ,g, *s # it v> SB A *i % ZnSe tfiffi ^ t 

15 z: * o n % itK^^lo^S^Mt&g 
««i^81^Pfi» SIS ft E * * < A, -C v> ^ 0 

IS # ^ 4 * - KOlfifrCti ^^"ftU % — # O 



»Bfl¥ 1-234400 (2) 

Hem IStibSo e*StU"C«nSt!*ao 

Si ^ GaAs o JL 5 K-^^^S 

m <o zns© iitM^<,ot^nt^ 0 

W « 3fc S ft 
ZnSe #^S*«fitn;{fc^*/ti6frC % Zn fill * % 

K ZnSe & A tl % 1000 XltJ^OSffi-C^^51 

^i|3B^*K-^v^LX % ffi t£ % 10 a n C m 
b , 10 1 ncm ItT^H tti^Oti)4 0 

#k ¥ & K - * ? XX % Si % GaAs & £ X \X % K - 



& * O 

Uiis ZnSe K 7 j« ft * K-*2"* p -j-£tt6» % 

fate &ttomtz r - x > r •$ n it ±> 0 L # *=> -c % 

£ n«ZnSe K£ < OSl^^^T^ 

& # * n -t v> a * e> -c *> * 0 * *8 ft * K - ? ~r 

P S * *& — M K — v /t 2 9^8 lv> 0 
&i£fC^o-CLi%K-^b^ P a ^ # jfl, 

J. Nishizawa et al " Blue light emission 
from Znse p-n junction," J. Appl . Phys 57, 
6 pp 2210 - 2216 (1985) 

i, «§ntn/ffrt-c, n m. & *z ~=> v% -c »* 
st ra & *> a o 
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ZnSe rc^*fc&*-f*:/&A:r& < 
<i * * & Am kt % Si * GaAs ttt«S) tt^i 
ft fi a a v> 0 

ZnSe 0«^47^-'Jy/ti£»Si^4o £ 
fl& < o -c % ^ 5£ £ * »> o K - * ^ ^ S 1# £> ft :t\ 

H m tt *2 » V> 0 O *> , K - * V ^ mi m *S -c & a 

C co IS H U , UO^F-y»|tiic44. 
BJ3E*3fi*Sfc % a ^S^^^^£Tf^e>n^ as- 
grown ZnSe & & & kt+ U * t# < O^iW&j*^ 



£ © X 5rc*»«J*£aK:#tr ZnSe J§ & % Zn 

iiv4^«te tjsfttt 15) ( is » * « » a n 

L * L * & ft ^ >f * - KOSStti^»r,« % 

*$SQ3*K % SflEi&ii& % 3*3Rtt&tfc % 
* H ZnSe ¥IS,g^ffcafcfcrct£3fe&*e>nfc# 
ttfcl£*<»ft« ZnSe* feSO«ja^ffi*%^ t, 

£ n »2 «F B B3 62 - 65389 # ( S62. 3. 18 ffiE ) K 

£ 5 L t % ^5 iW ffi -c PS o/j? * v>^sie>^fe^ 

c-^OttH^tOt, h 7 'J y / e - ^ 

* V y K ( Travelling Heater Method ) ft © * ^ 
^ 'J - K A 4 o 

iH ( Recrystalization ) 3 4t4 £ t 

«C * * O 

^ it, ZnSe 

Mr a as t> ? *< g ^n-^yy fcrthm)^ 

£ £ ^* *o 

*SS9I#©ft#L*: ZnSe * *± & Mt , ^ S * M 

D * i$ ^ ^ r * ic iS v> 0 

£ <0 X. 5 K K "C *> * © t % # * ffi ffi "C 

o ft ZnSe ^Oft^g|j.--^y^*s^rffit^^ 0 o 

* * % * *aa> ©a® * mvi -c * % &8.*mm-tz 
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KJ 75 L "C *> £ * 

|g 2 HfCJtotltt^^io 

&*S8sXUCVDj£rc*OT ZnSe © £ » & * 

d © ZnSe # » ,& i ^ * * ^t/^2otran 

*o *£K3lv>*& % Ar % Ne4 foT>8tt*x 
X f* N 2 X ft & o * L -C % - ft & 21 EE 2? 0. 1 
— 100 Torr K iSPfflatfC,* 

* o 

^3rWt:llD»t I ^ t - ^ 5"C % ZnSe ^j^SI 

* — #©ffl*>e>»Arc^mini»L-ctf>< 0 

o 7>i ^nA-Fonat/Tt 0 * - * © iS # -c 

700 - 900 <C frC * * X 0 K -f * 0 

*-*©89lft-Cti50 — 200*C/cra % -50 200 

-c % »as«B3frcJ:o-c. »,& rc: 0.05 

t © <t $ *dtftWfi©-Cft^S-r^^€> % ZnSe 

© # * * r& , sefifuffittuittio t 

Ifc frC * * 56 91 © ZnSe ^ © $& K - ^ ^ f J5 & 

* K W * o 1 HfC^TK^io 

(1) RTHMS tf /& U * K tt ffi ZnSe % ^ y y 4* 

*> & W* ? x ft gj 9 ft 0 « d nj u © 8* © 

(2) C © f- V 7 4* % ^i^ft© ZnSe 6 *5 *7 y 
7 7 K A H 4 o 

(3) nso F-ey/tlftV>»« 4 K M ffi Zn 

& JR "C kt kg , Ga , In 

^ & « r « 04 , I , F 

^Uli ZnC^ 2 % Znl 2 % ZnF 2 ^ E "C i 0 

* 5 -C tt « < t , a^c^ 2% I 2 % F 2 t L t » 
A-f*££*-c&a 0 P % As (o « ^ »i ^ ta -c @ 
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* K 1 * 0 ZnO^te^tf: ZnSe + K 5& £ :f* * fc, 

t <p ZnK R LtVN^I^^eflo^-vttlii^n 
4 CO^o«^^;^jg,t % fat* b 

ZnS»^<Of6^i:«i{6iI^4^ac> % Zn j& flo 
(4) pflO F-ey/t tfev>»Ktt % SS tt ^ Se 

&HOT^*^^^««y Na f K , Li 

'*4J8<07^y^«ft P , As . N 

(7) ff^Jtt 1 Torr —100 Torr iS-C$,^ 0 St ^ K 
§Ivn* * * J3^:T * t % Zn % Seo&3tffi £ * * 0 

w ft m 

t * *o 

^U«n|JFttlHt, m jK O Ga % In 

^-v-i*fcjgj&-ra 0 vifeO P % As, N |i Se O 

* 3£ 9! O « % * PS # f!> * < S « £ O ZnSe ^ 

* *: % ZngSft*; ( ^flJR^^ ) * O-C. 

PiO«^ll % Li % K % Ka^ n^^»Lt, 
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So tOit^ft Na^Se, K 2 Se„ Li 2 So ^ tt d K 

£ n £> ti H* j& *s B < % 900 1 1 « ^ o i t t 
a n v> 0 u * t * se a; * * o -tr % an Km 
n ho 

Li % Na % K U % Zn^lft tt 7 ^ t £ 
P % As % N f£ Zn3P 2 % Zn 3 As 2 % Zn 3 N 2 * 

* -fe :/ * * * o 

(5) 5 ^ T ^A'^v^ojt ^ ^ sjj frC 5 1 v ^ "C v ^ co 

^#**Aft-t % r ^ a< % * 0 

(6) a^T^^/v^Jtol^U^ 400 1C — 900 t tt 

ioo «r EX Jl -c *> Jt ^ 0 

Zn O ft ^, X ti Se O |& f ^ 4 K A i 0 * L "C % T 
M^^Uio Se i!#ftti<Ot!, Se£;|fc^ 

< 0 ZnSe S|«$-c 
S> O t % K-tr^^®«^Zn % Se * £ * & *fi & 

-c *> * t :rn ti . s la t ^ , ii * 

K ZnSe o * k: F-^«n4»»us 0 

^* a? # * * ^ n * »*&®i$flg*>^< 

& ®: « «Ul * ^ttftoi3SKi!)» i& £ J; 9 

ttft«Kx»iSetfio^«aiaffi % taa, ra * * 

* „ h5 1* 0 SB tz ^ o @ & ^r S v> ^ g5 
#*rSS:tt % c co ^ <o urn 1c u m L X % 



< tit^it^totti^b, t$ ra 3 a # n 

-C £ * o 

R T H M & -c ZnSe ^|§S^f^o^ 0 
(I) C (O ZnSe # & i % 7<amX7mmX2mm<9 iE^ 
iS«K«!)lllLAwo £ <D as - grown |£ & <o 4* 

jg^KU He-Cd u - ft * -60 iSStt 4.2Kt 
* * o 

i o^S^s 3 0»C/7to « *4 li ^ 5 * y -t 

5* ffi -C 9 % #;®g&-Cfc£ 0 

Ex\ E x u ^ ^ <o U g A fib fe^F-( free exciton) 

e * a 18 ^ « % ti?Lt*5^- b 
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12% I3 t v> -5 O tt % F *- -7ttft K (I 2 + 

r*>* 0 K ^- - T *B ft *s # It n « % t O IS ft 

& 3 H T * * £ , Si©®**;: 
E*\ E x ° a: $ «> -c & v> 0 I 2 % X, U M V* o c n 
tt * as - grown ZnSe *§ A U ^ M ft 4> * < * 

Z<D£5Ki>t1>t<0 ZnSe tfij6&**ffi-C£>*0 

*o 

(2) * ft 93 <D ^ & K t£ ^ % F*--^|*ft*F-e 

SB 1 0 O X 5 K E 3£ 1f O * K K - /< ^ h % 
ZnSe tZn££A*t* 0 HAftfcri* 

F - * h t ttrt Ga % In ^ F- ^ 



L a A£ % Ga % In H&jgOS-i-Cj&iraL* C£ 

n znc^ 2 -c & fin l * 0 

* O % * h 5 *y**xmfeS-2> 0 He-Cd 

L % SffiW 4.2 K-C.fc £ 0 
^ 4 0Kf (0^*i/^t o K ^ - 5p « ft K J: 

* & ft » 3* < St *> n * 0 x^/v^-n 

2.79769 eV 

0£ 2.79740 eV 

Ga 2.79721 ©V 

In 2.79686 eV 

-cfc&o ^n^noF^-^FMft^^^^n^ 
k z z & x-c *> z o 

*^*ftftK#/£:r*$fcftgiJatto *> O W £: T 
t -C * -6 o 
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K^~^«ft^m»^n/tttji§^;* < * * 
15?^ c: fc m « » a* E 5 ^ ^ i v> 0 

$t*>i 0 i i O as - grown ZnSo O it iS til 
10 a — 10 9 Hem T! £> o 0 

D k n^F-tf>^Lfc ZnSe 
4& <Z> it f&ifi kt 10« — 10 s Clem £ o 0 C cog 
ffi-C*nfrf % $fc ft -f * - FO^^tUXfi£5 

(3) * SS «>8 O # & K t£ v> % 7 ^ty^^lftftt L 
X N.a 4 F-eyrUfe 0 NagSo So ^ # 

1 ^ A H ^ o ZnSo tLXfii§5iWatO % RTHM 

ft U ft t <0 -C % Ar ttAntV^V^ . 

iSSU 400 800 t offl ^^a^^rfr^o 

C (O ZnSo g^Oi); H^^.^y-fe^^iBO^^rfT 



2*0&vxS&ft©tf:*e>n* 0 
l \* 2.7929 oV 

2.7937 eV 

"C £ 0 I|fcV^Ott7^t^^(CXM«n^ 
ae^j:i4lfi*tVN5Sl*tfe4 0 2.7929 eV 
O * * is Bi v% 9 £ « % ZnSo ** ^ * Na 

2.7937 ©V O §fc H 2K Kl ?fc *P :T * t ft JL Z 

4431 £ o i& & * £fe k^-j: i 4%3ti5S < 3i 
n -6 o 

■ w » ^ 

& ZnSo # & ft v> * <o X % K - x ^ * 
**fc>S:i8#:*-*c *s -C ft « J: ^ rc: ft o * 0 
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« 6 « ; & an a & % & be % n ft e t 

»7«K-tfv^-cfc*o-c % & & *s — 5£ -c $> 
n w- % f? §a & * < * 

^*>aAfttn4v^ot % * *s *» 9 ft as b & 

=f *a to & tt < o -c % ZnSo *r u x fi % ^ a & js 
4 BMOfflJUft HU 

m 2 BUt * w « o aij 3fc ft * Rthm&kj: 

* ZnSo ^iBS^S^^^BIo 

& 3 HfiRTHMSiaotW^ L * ZnSo # 
t£ & <D 4. 2K O* *^-b^^tfl95£ite^ 

"C *> £ A^, G4 % Ga % In *H -f #1 F - ^ t 



ZnSo |§ O 4. 2Ko* h a U V t V x JjgB 

& 5 m\x^^m<o^mK * o-c p & x 

4>4 Nat F-^t^ ZnSo |§ ,& O 4. 2 K co* b * 

1 ZnSo £ *£ ft 

2 * ^ -e /i/ 

3 H & §g B 

4 

5 e - 9 

6 ZnSo 

7 C r v r ^ 

8 * - 9 



ft w m 



IE 

n 



ft m ± m 



Ma) 
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$ 1 eg 



fitTor 




ZnSo6 T*m+ 
tB 3 



4.2K 
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R T H tf j£ 

Ar 
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&rs-~ i o o*c 
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Hey-Cd 




0.05-6 -y«ay 



60-fiOO "Can 

D~900*C 
-60-^00 'Ccm 



SB 5 CO 




4410 
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